Abstract-A low temperature scanning synchrotron microscope (LTSSM) has been developed for spatial analysis of superconducting tunnel junction X-ray detectors. One and two-dimensional images of the detector response to X-rays were measured by scanning the junctions kept at a working temperature of about 0.4 K with a highly collimated synchrotron radiation beam. The collimation was performed by inserting a pinhole mounted on a scanning unit into the synchrotron radiation in the range of 3-6 keV. The spatial resolution of the LTSSM is between 5 and 10 micrometer. The present results indicate a large discrepancy between the experimental spatial response and a quasiparticle diffusion and edge-loss model. The LTSSM plays an important role in the development of cryogenic X-ray detectors.
I. Introduction
Cryogenic X-ray detectors such as superconducting tunnel junctions (STJs) have a significant potential for energy dispersive X-ray spectroscopy [1] . They combine high energy resolution and high count rate. The intrinsic energy resolution is determined by two factors, which are the statistical variation in the number of quasiparticles created by an absorbed X-ray photon and the statistical fluctuation in the number of tunneling quasiparticles. The sum of the two factors represents the theoretical limit of STJs. For junctions consisting of a Nb/Al/AlOx/Al/Nb layer structure the theoretical limit is ≈ 4 − 10eV (FWHM) for 6 keV photons. In addition to the statistical fluctuations, it is believed that diffusion and edge losses of quasiparticles, and trapping of quasiparticles by Abrikosov-vortices lead to a spatial inhomogenity of the junction response to X-rays and thus a poor energy resolution in practical situations. Theoretical models for the spatial signal distribution describe the quasiparticle diffusion, the edge loss processes and back-tunneling [2] , [3] . The Low Temperature Scanning Electron Microscopy has been used for spatial resolved studies [4] - [6] . Concerning X-ray probes, the spatial variation in the junction signal were performed with a fixed pinhole set between the junction and a 55 Fe X-ray source [7] , [8] . In [9] a 2 µm pinhole was used to improve the energy resolution. However, no study has been reported so far on full two-dimensional imaging with an X-ray beam. This is due to the fact that a collimated 55 Fe X-ray beam has an absorption event rate of ≈ 1 count/min and therefore is simply too weak for full scanning experiments. A strong parallel X-ray beam created by a synchrotron is excellent for spatially resolved study. The Low Temperature Scanning Synchrotron Microscope (LTSSM) developed in this study opens the way to investigate spatial properties, which have never been revealed, within a reasonable measurement time. out by a conventional room temperature charge-sensitive preamplifier, a shaping amplifier, and a multichannel analyzer. The pulse height of the shaping amplifier output corresponds to the charge tunneled through the insulating barrier. Simultaneously the preamplified signals are digitized by a digital oscilloscope. Both data are stored on a PC together with the pinhole coordinates. Scanning the junctions provides one-or two-dimensional distribution of the detector response. The experiments were performed at the beamlines 17A and 27A, of KEK-PF in Tsukuba, Japan. The PF beamlines offer a photon intensity of about 10-5000 cps depending on the X-ray energy in a 10 µm collimated monochromatic X-ray beam. Information on the junctions analyzed in this study are found in [11] . A magnetic field between 100 G and 167 G was applied in parallel to the junction barrier to suppress the dc-Josephson current and Fiske-resonances.
II. Experiment

III. results and discussion
The first experiment was performed on a 146 µm x 146 µm square junction with symmetric electrode structure of 200 nm Nb and 30 nm Al as a quasiparticle trapping layer. Fig. 2 shows a single pulse height spectrum in the center of the junction for collimated 6 keV X-rays. The pinhole diameter was 5 µm, and the bias current was set at 10 nA. The energy resolution for the base electrode is 38 eV (FWHM) in Gaussian peak fitting. The counter electrode signal is always slightly smaller than the base electrode signal and has an energy resolution of 51 eV. The electronic noise is 20 eV. The intrinsic resolution of 38 eV for the base electrode signal is considerably larger then 12 eV that is predicted from the Fano noise and tunneling noise taking multitunneling into account. The discrepancy may be caused by additional noise sources [10] .
In contrast to collimated illumination, the energy resolution for the 6 keV X-rays in full illumination was al- ways between 200 eV and 300 eV. Therefore the spatial inhomogenity of the charge output is the dominant factor of performance degradation. The standard model for the spatial signal distribution takes account of quasiparticle diffusion, back-tunneling, and edge losses [3] ; hereafter QD model . In [3] the authors calculated junction parameters such as β = L(1 − R)/2l, Λ = [D/(γ + γ loss )], and γ/(γ + γ loss ) for symmetric junctions by fitting the model to a pulse height spectrum of an STJ detector in full illumination, where L is the junction length, R is the reflection probability, l is the mean free path of quasiparticles, D is the diffusion constant, and γ and γ loss are tunnel and loss rates. However, this fitting process ignores the exact shape of the spatial distribution. A straight forward fitting way is to use the spatial distribution instead of the full illumination pulse height spectrum. The LTSSM provides the accurate picture about the spatial distribution. We have performed diagonal scans at different bias currents. For Fig. 4 each position of the x-ray beam on the junction, we have measured the pulse height spectrum and fitted a Gaussian curve to the total absorption peaks. In Fig. 3 nA. Although the absolute l value may be different from that of the real junction with the Nb/Al bilayers, it is supposed that the R and D values are independent of the bias points. Therefore, the bias-dependent parameters illustrate that the QD model is inadequate for the present junctions. An example of extreme deviation from the spatial distribution predicted from the QD model was found in the second 200 µm square junction on the same chip. Fig. 4 shows the full illumination spectrum reconstructed from the all spectra of the two-dimensional scans at a bias current of 35 nA, which corresponds to a voltage of 160 µV. The inset shows the pulse height spectrum in the junction center.
The peak with the tail toward the low energy side near the channel number 600 resembles the QD model full illumination spectrum. However, the LTSSM two-dimensional Both of the counter electrode and base electrode spatial distributions clearly display the dips in the junction center and the peaks near the junction corners. This example implies that fitting the QD model to full illumination spectra possibly causes invalid results. In addition, it is observed that the risetime distribution in Fig. 5 (d) , which has the largest value in the junction center, is opposite to the pulse height distribution. This suggests that a mechanism other than the quasiparticle tunneling is involved in the signal creation. The 200 µm junction operated at an increased bias current of 300 nA near a voltage of ∆/e(= 0.8 mV) exhibited a different spatial distribution, as shown in Fig.  6 . In this bias point, the distribution shape is round in the junction center, but deviates from the QD model near the junction corners. The observed dynamical change of the spatial distribution also cannot be explained within the framework of the QD model.
IV. Conclusion
We have constructed a Low Temperature Scanning Synchrotron Microscope, which enables us to observe the spatial variation of the junction response to X-rays directly. The shapes of the spatial distributions measured in the present junctions cannot be explained by the standard QD model. The new signal creation mechanism other than the quasiparticle tunneling should be considered.
